We present high-resolution observations of the higher H Lyman series lines taken with the Solar Ultraviolet Measurements of Emitted Radiation (SUMER) experiment Ñown on the Solar and Heliospheric Observatory (SOHO) spacecraft. We have used systematic observations extending from disk center to the solar limb to compute average proÐles for representative solar features of the quiet Sun, limbbrightening curves, and full-disk, quiet-Sun proÐles for Lyb through Lyj(11) and the Lyman continuum. The e †ects of radiative transfer are apparent in all of the line proÐles we studied. The average quiet-Sun proÐles for Lyb through Lyv are self-reversed, and the remaining lines are Ñat-topped. The characteristics of the line proÐles vary markedly with intensity. We observe strong enhancements in the red wings of network proÐles, while the faint cell-center proÐles are nearly symmetric. We also Ðnd that the intensities of the H Lyman lines increase at the limb, although the limb brightening is weak compared to optically thin transition region emission lines and largely obscured by the intensity variations observed in the quiet Sun.
INTRODUCTION
The H Lyman emission lines dominate the solar irradiance at EUV wavelengths and thus are important to a number of processes in solar physics and aeronomy. For example, emission from the H Lyman lines is a major contributor to the radiative losses from the solar chromosphere and lower transition region, and modeling the formation of these lines is central to understanding the Ñow of mass and energy through the upper layers of the solar atmosphere (e.g., Avrett, & Loeser Furthermore, the Fontenla, 1993) . excitation of atomic hydrogen in planetary atmospheres, the interstellar medium, and comets is often driven by the resonant scattering of solar Lyman line emission. In these instances, the absorption proÐle is usually not signiÐcantly broadened by thermal or turbulent motions and the excitation rate is sensitive to the details of the solar Lyman line proÐles.
Despite their importance, the observational record of the solar H Lyman lines beyond Lya and Lyb is incomplete. Radiometrically calibrated, high spatial and spectral resolution observations of Lya have been carried out with a number of instruments, including the Naval Research LaboratoryÏs HRTS (see, e.g., et al. and UVSP Basri 1979) on SMM (see, e.g., Reichmann, & TandbergFontenla, Hanssen Similar high-resolution observations of Lyb 1988). were made with the L PSP instrument on OSO-8 (see, e.g., et al. However, to our knowledge, the only Lemaire 1978) . high spectral resolution observations of the higher Lyman series lines previously available in the literature were those of who analyzed data from a 1962 NRL Meier (1995), sounding rocket Ñight. Although the spectrometer used in this experiment was stigmatic, the proÐles had to be summed along the entire length of the slit to improve the signal-to-noise ratio. Despite this averaging, the details of the higher Lyman series line proÐles are largely obscured by grain noise in the photographic Ðlm.
In this paper, we present radiometrically calibrated, high spatial and spectral resolution observations of the H Lyman lines taken with the Solar Ultraviolet Measurements of Emitted Radiation (SUMER) spectrometer Ñown on the Solar and Heliospheric Observatory (SOHO) spacecraft. SOHOÏs position at the Lagrange point, approximately 1.5 ] 106 km from Earth, makes it ideal for observing the H Lyman lines, since the line proÐles are not a †ected by geocoronal absorption. Our primary focus is on quiet-Sun observations of higher Lyman series lines. We have used systematic observations extending from disk center to the solar limb to compute average proÐles for representative solar features of the quiet Sun, limbbrightening curves, and full-disk, quiet-Sun proÐles for Lyb through Lyj(11) and the Lyman continuum. Our observations show that the e †ects of radiative transfer are apparent in all of the line proÐles we studied. The average quiet-Sun proÐles for Lyb through Lyv are self-reversed, and the remaining lines are Ñat-topped. We also Ðnd that the characteristics of the line proÐles vary markedly with intensity. Strong enhancements are observed in the red wings of average network proÐles, while the fainter cellcenter proÐles are nearly symmetric. In addition, we Ðnd that the intensities of the H Lyman lines increase at the limb, although the limb brightening is weak compared to optically thin transition region emission lines and largely obscured by the intensity variations observed in the quiet Sun.
Comparison of our SUMER observations with the previous disk-averaged proÐles presented by Meier (1995) reveals signiÐcant di †erences in the details of the line proÐles, the total line intensities, the e †ective line widths, and the intensities at the centers of the line proÐles. There are also signiÐcant di †erences between our observed Lyb proÐles and the model calculations of Fontenla et al. (1991, Their model Lyb proÐles are much narrower than 1993). those we observe, lack the strong central reversal clearly evident in the observations, and do not correctly predict the behavior of Lyb near the limb.
OBSERVATIONS AND DATA REDUCTION
SUMER is a high-resolution, normal incidence spectrometer capable of imaging the Sun at wavelengths between 660 and 1600 in Ðrst order. and et al. (1997a, 1997b) Lemaire (1997). Our observations of the higher Lyman series lines are from an observing sequence covering the wavelength ranges 1022È1067, 934È975, and 898È939 and used SUMERÏs A detector A. Note that Lyv occurs in two of the wavelength ranges, and we present data from both observations separately rather than averaging them. We collected quiet-Sun spectra from disk center to the boundary of the north polar coronal hole by constructing 10 small rasters centered on the central meridian. The rasters were 30A ] 120A in size, and their centers were separated by 90A in latitude. One additional raster was positioned near the northeast limb, outside the polar coronal hole. Each raster consisted of 21 detector exposures each 105 s in duration and spaced 1A .5 apart. The narrow slit was used to attenuate the 0A .3 ] 120A count rates in the 1022È1067 and 934È975 wavelength A ranges. Furthermore, the most intense emission lines in these wavelength ranges were observed on the bare microchannel plate, so that local gain depression, which occurs when count rates exceed 10 counts per pixel per second, a †ects only a small number of proÐles. We have not made any corrections for local gain depression, since the count rates for all the Lyman lines were well below the threshold. There were, however, several hundred pixels in the O VI 1032 and 1038 proÐles that recorded more than 10 counts A per second, and the intensities of these line proÐles are underestimated. The 1A ] 120A slit was used for the observations in the 898È939 wavelength range. The observing A sequence began on 1996 May 15 at UT 2241 and ended on 1996 May 16 at UT 0529. All 693 exposures were eventually recovered from telemetry, yielding about 25,000 individual spectra in each wavelength range.
Prior to analysis, SUMER data must be corrected for detector nonuniformities and distortions. Nonuniformities in the SUMER detectors are periodically estimated by observing the Lyman continuum with the spectrometer grating defocused. Periodic measurements are important, since the instrumental nonuniformities change as counts are accumulated. The Ðxed pattern of the detector appears to drift by about 0.5 pixels per month in the spectral direction and 1 pixel per month in the spatial direction et al. (Judge We corrected each exposure using Ñat-Ðeld data 1998). taken 1996 May 15 beginning at UT 0423, just hours before our observing sequence began ; thus temporal variations in the Ñat Ðeld are probably not important for our observations.
We also corrected each exposure for geometrical distortions using software developed by Tom Moran for this purpose et al.
The software maps the data to (Moran 1998). a rectangular grid derived from systematic observations of chromospheric lines and continua. This processing corrects distortions in the spatial direction and for any curvature in the position of the line proÐle as a function of spatial position but does not account for any possible nonlinearities in the dispersion.
Quiet-Sun spectra for the wavelengths ranges we observed are shown in These spectra represent an Figure 1 . average of all of the data taken within 800A of disk center. determined from the O VI and C II emission lines). Also, since we use a second-order polynomial for the dispersion relation, the wavelength calibration is suspect away from the reference lines.
LINE AND CONTINUUM INTENSITIES
As the spectra shown in indicate, none of the H Figure 1 Lyman series line proÐles are even approximately Gaussian. Thus we have determined line intensities by simply integrating over the line proÐle and, if appropriate, subtracting an estimated continuum. The wavelength intervals used to determine the line and continuum intensities are summarized in Also given in this table are the relevant Table 1 . detector sensitivities (i.e., the relationship between one count per second per detector pixel and the speciÐc intensity at the Sun for a given wavelength, detector surface, and slit). The background subtraction is very small for Lyb but becomes increasingly important for the higher ([2%) series Lyman lines. For Lyj, the underlying continuum typically accounts for between 5% and 15% of the total intensity in the wavelength interval.
Because the H Lyman line proÐles are not Gaussian and have very broad wings, there is some ambiguity in the wavelength interval that should be used to compute the line intensity. For example, we have used 1025.72^1.5 to A compute the line intensity in Lyb despite that fact that the broad wings of the line are observable even beyond^3.0 A . The contribution of the far wings to the total line intensity, however, is not signiÐcant, and an accurate determination of the intensity there would require us to account for the blending with the O I emission lines. In general, the wavelength intervals that we have chosen do not include the far wings of the proÐles but do account for the vast majority of the line intensity. Note that above Lyf, the wings of the proÐles blend together, leading to some additional uncertainty in the line intensity.
Unfortunately, the wavelength intervals we have used to compute the line intensities for the Lyman lines are not completely free of contributions from other emission lines. In particular, there are a number of O I and He II emission lines that are nearly coincident in wavelength with many of the H Lyman lines. With the exception of Lyh, which is blended with some relatively intense N IV emission lines, the contributions of these lines are generally small in the quiet Sun but can become important in very bright network elements and near the limb. Note that Lyf is not a †ected by Ne VII 465.22 appearing in second order since the sensi-A tivity of SUMER below 500 is low. We have not made A any attempt to account for the e †ects of blends in determining the line intensities. For aeronomic applications, the total line proÐle, regardless of its source, is important. For comparisons between these observations and calculated line proÐles, the contribution of blends is generally small and should not signiÐcantly a †ect the line proÐle.
In addition to the H Lyman lines, the wavelength ranges we observed also contain several interesting chromospheric and transition region emission lines. A , K) at 1032 The S VI line is relatively weak, and intensities A . for this line were determined by integrating over the proÐle and subtracting an estimated continuum. Note that the S VI emission line is blended with the Balmer 13 line of the He II series, and this line is estimated to contribute about 10% to the total intensity in the quiet Sun et al. . Although it is possible to Ðt each O VI and C II proÐle with a Gaussian, we have also used a simple integration over the line proÐle to compute the line intensities.
Since our observing sequence was intended to provide well-resolved line proÐles for even very faint regions, we used relatively long exposure times. Thus the rasters we constructed do not provide an accurate representation of the morphology of emitting structures on the Sun. They do, however, give a good indication of how variable the quiet Sun is at high spatial and spectral resolution. As the Lyb, O VI, and C II rasters shown in indicate, there is Figure 2 considerable variation in the intensity within the Ðeld of view. The average contrast between the faintest cell centers A , A using the same intensity scale. There are signiÐcant di †erences in the distribution of cell-center and network elements in the two small rasters, and the average intensities in the rasters di †er by about 50% for each line. and the brightest network in a Lyb raster, for example, is a factor of 8. For O VI, the contrast between the faintest and brightest regions in a raster is typically about a factor of 30. The large contrasts between faint and bright regions and the inhomogeneous structuring of the solar chromosphere and transition region also lead to signiÐcant variations in the line intensities determined from raster averages. In Lyb, for example, the average intensity in a raster ranges from 822 to 1124 ergs cm~2 s~1 sr~1. Excluding rasters taken near the limb, the average intensities in the O VI rasters range from 341 to 481 ergs cm~2 s~1 sr~1.
In the remainder of this section we will discuss our e †orts to determine some average properties of the H Lyman emission lines in the quiet Sun, such as their center-to-limb variation, intensity, and line proÐle. The signiÐcant spatial structuring of the quiet Sun, the strong contrast between cell centers and network elements, and the limited extent of our observations, however, ultimately constrain how accurately we can determine these average properties. Of course, the variability evident in the quiet Sun also limits the usefulness of average quantities, since very few places on the Sun are likely to resemble the "" average.ÏÏ 3.1. Center-to-L imb V ariation The intense brightening of optically thin emission lines near the solar limb is well known, and studies of the detailed behavior of line intensity near the limb are important for understanding the structuring of the solar atmosphere (see, e.g., Feldman, & Doschek Mariska, 1978 ; Withbroe 1970 the intensity variations observed in the quiet Sun. There is no apparent increase in the intensity of the H Lyman continuum at the limb.
For comparison with the H Lyman lines and continuum, we have plotted the observed intensity as a function of radial position for C II 1036 S VI 933 and O VI 1032 A , A , A in
The strong limb brightening in S VI and O VI is Figure 4 . clearly evident and, except very close to the limb, is approximately proportional to 1/cos h, where h is heliospheric angle. The peak intensities for these lines near the limb are about an order of magnitude above their average quiet-Sun values. C II, however, does not appear to limb-brighten signiÐcantly, and its center-to-limb behavior more closely resembles that of the H Lyman lines.
Another quantity of interest is the disk-averaged proÐle deÐned by the integral
where r is the radial coordinate normalized to a solar radius. With this deÐnition of the disk-averaged proÐle, it is possible to compute the Ñux at Earth using the relation
where is the solar radius and R is the Earth-Sun dis-R _ tance. We estimated the solar radius from our observations by examining the peak in continuum emission near the limb. To determine we binned spectra according to I j (r) their radial position and computed average spectra for each bin. Since the limb-brightening occurs in a very narrow region, we chose a 1A bin size. Disk-averaged spectra for each wavelength range were then computed numerically. In Figures and we show the disk-averaged proÐles for 5a 5b Lyb through Lyj(11). Also shown in these Ðgures are the proÐles resulting from averaging over spectra taken within 800A of disk center and within^3A of the peak in intensity near the limb. In we summarize some character- Table 2 istics of the disk-averaged proÐles. Note that the intensities and Ñuxes presented in this table include the contribution from the underlying continuum. Since the line proÐles are not well represented by Gaussians, we use the quantity where is the line center intensity, to *j S 4 / I j dj/I j0 , I j0 deÐne an e †ective width.
The intensities derived from the disk-averaged and average quiet-Sun proÐles are very similar, typically within 10%, again indicating the absence of strong limb brightening in the H Lyman lines. The proÐles derived from data taken near the limb, however, indicate that the intensities of the Lyman lines do increase systematically at the limb. For Lyb, the limb proÐle is about 12% more intense than the average quiet-Sun proÐle. The line intensities of the higher series Lyman lines increase by as much as 40% at limb. Since the limb brightening of these lines occurs over a narrow region and the increase in intensity is rather modest, the disk-averaged proÐles are not strongly a †ected by the limb brightening and are not systematically more intense than those seen at Sun center. With more extensive observations it is likely that the disk-averaged intensities would be systematically higher than the quiet-Sun intensities. For example, et al. analyzed a full-disk spectroWilhelm (1998) heliogram in Lyv and found that the disk-averaged intensity in Lyv was 16% higher than the average disk-center intensity.
et al. obtained an average disk-center Wilhelm (1998) intensity of 51 ergs cm~2 s~1 sr~1, which is similar to our values of 52 and 57.
There are a number of interesting features in the high spectral resolution Lyman line proÐles shown in Figure 5 . The e †ects of radiative transfer are evident in all of the lines : Lyb through Lyv are self-reversed, and the higher Lyman series lines are "" Ñat-topped.ÏÏ The Lyb proÐle shows a clear asymmetry in the intensity of the red and blue wings of the line, and there also appears to be some asymmetry in the wings of the higher Lyman series lines. There are also some interesting systematic changes in the Lyman line proÐles at the limb. The lines become broader, the depth of the selfreversal increases, and the distance between the peaks becomes larger.
Comparisons between our disk-averaged proÐles and the disk-averaged proÐles presented by indicate a Meier (1995) number of signiÐcant discrepancies. Because of the low sensitivity of the photographic Ðlm used for the observations analyzed by Meier, grain noise is signiÐcant in the Lyman series lines above Lyb, and many of these proÐles appear approximately Gaussian. The SUMER observations show that the line proÐles are not Gaussian but are self-reversed or Ñat-topped. Besides the obvious di †erences in the details of the line proÐles, we also Ðnd many discrepancies in the total line intensities, the e †ective line widths, and the intensities at the centers of the line proÐles. With the exception of Lyb, the e †ective widths we derive from our SUMER observations are generally larger than those presented by Meier, by as much as a factor of 3. The total line intensities of Lyg through Lyi given by Meier are also systematically higher than the corresponding intensities derived from our observations. Finally, although the line center intensities centers are similar for Lyb, Lyv, and Lyd, the di †erences for the other lines are fairly substantial, ranging from about 40% to nearly a factor of 7. Reeves (1976) were among the Ðrst to study the distribution of quiet-Sun intensities in chromospheric and transition region emission. a The total intensity without the continuum subtracted in the line interval speciÐed in Units of Table 1 . ergs cm~2 s~1 sr~1. The values in parentheses are exponents of 10, e.g., 3.1(9) \ 3.1 ] 109. The parameters in this table were derived using the total intensity.
Intensity Histograms
b The average speciÐc intensity of the continuum interval speciÐed in Units are ergs cm~2 s~1 Table 1.  sr~1 The total intensity and continuum intensity values can be subtracted to determine the line A ~1. They showed that intensity histograms are typically characterized by a Gaussian component and high-intensity tail.
Recently it has been recognized by et al.
Wilhelm
(1998), and that these skewed disFisher (1997), GrifÐths (1997) tributions are lognormal distributions (i.e., the logarithm of the intensities are normally distributed). Lognormal intensity distributions for Lyb and the Lyman continuum at 910^0.5 derived from our observations are shown in A The distributions are approximately A . normal, and the Gaussian Ðts are also shown (solid line). The dotted lines indicate the intensity ranges used to compute the average proÐles for the six representative features described in the text.
The data used to compute these distributions, Figure 6 . which are binned in increments of 0.05 dex, were taken from observations within 800A of Sun center. Note that the presence of compact bright points, such as the one evident in Figures and between 550A and 565A, lead to deviations 3c 3d from a lognormal intensity distribution. Thus we have excluded these points from consideration in computing the intensity histograms for the lines in the 898È939
wave-A length range. Parameters derived from these distributions, such as the average intensity and the lognormal standard deviation, are given in
The standard deviation of Table 3 . the lognormal distribution is about 0.2 for all of the higher H Lyman series lines and the H Lyman continuum near 910
The widths of the distributions given in for Lyv, A . Vernazza (1981) tative features of the quiet Sun and to derive some average properties of these features using observations from the Harvard College Observatory Spectoheliometer on Skylab. This instrument had a spatial resolution of 5A and a spectral resolution of about 1.6 For these applications, spectra A . covering the entire wavelength range of the instrument were taken at each spatial position during a 210 s spectral scan. Composite spectra were then constructed based on the intensity distribution of the Lyman continuum near 900 A . et al. deÐned six representative features and Vernazza (1981) derived corresponding semiempirical models of the solar atmosphere for them : faint cell center (model A), average cell center (model B), average quiet Sun (model C), average network (model D), bright network (model E), and very bright network (model F). The percentage of spectra assumed to fall into each intensity interval are 8%, 30%, 30%, 19%, 9%, and 4%, respectively.
With SUMER, simultaneous observation of all of the Lyman lines and the Lyman continuum is not possible, and thus we have had to use Lyman lines to assign spectra from the various wavelength ranges into intensity intervals. The intensities of the individual Lyman lines are strongly correlated with each other and with the intensity of the Lyman continuum, so this procedure, although not ideal, does not appear to introduce signiÐcant errors. For the 1022È1067 A wavelength range, the intensity distribution of Lyb was used to partition spectra into the six intensity intervals. For 933È975 and 899È939 wavelength intervals, Lyv and the A Lyman continuum at 910^0.5 were used. In we A Table 3 give the average intensities for the six representative features determined for the Lyman lines, the Lyman continuum, and several other emission lines of interest. The average cell-center, quiet-Sun, and network intensities are similar to those published by & Reeves Vernazza (1978) , which indicates relatively good agreement between the radiometric calibration of SUMER and the Harvard Skylab instrument at these wavelengths.
In we show the Lyman line proÐles for each of Figure 7 the six representative features. These Ðgures indicate that the asymmetries evident in the disk-averaged proÐles discussed previously vary markedly with intensity. The faint cell-center and average cell-center proÐles appear to be nearly symmetric, while the red wings of the line proÐles are strongly enhanced in the average network and bright network proÐles. Note that the asymmetries in the proÐles are less pronounced for the highest Lyman series lines that a Line intensity determined from an average of all data within 800A of disk center. The units for all intensities are ergs cm~2 s~1 sr~1.
b Centroid of the lognormal intensity distribution. c Standard deviation of the lognormal intensity distribution. can be resolved with SUMER.
Our observations of Lyb are not in agreement with the semiempirical model calculations for this line performed by Fontenla et al.
Their earlier calculations of (1991, 1993) . model quiet-Sun proÐles at the limb indicated that the intensity of Lyb should increase by a factor of 2 there, while we observe only a 15% increase. There are also substantial di †erences between our observed cell-center, quiet-Sun, and 
. rower than the observed proÐles by more than a factor of 2 and also lack the strong central reversal clearly evident in the observations. Their proÐles do, however, show some of the asymmetry observed in the wings of the proÐles, which is attributed to the ambipolar di †usion of hydrogen in the model.
SUMERÏS RADIOMETRIC CALIBRATION
The absolute intensities of the Lyman lines are clearly important for aeronomic applications. Past experience has shown, however, that establishing and maintaining the absolute calibration of EUV instruments is difficult and the uncertainties in observed line intensities are often substantial. The SUMER instrument has been designed and operated to minimize the loss of sensitivity during operation (Wilhelm et al. and the radiometric calibration 1995, 1997a), has been maintained to within^15% et al. (Hollandt 1997 ; . As a means of evaluating how the intensities derived from our observations of the H Lyman lines compare with other SUMER observations, we have analyzed Ðve Lyb and O VI rasters that were taken to provide context for quiet-Sun reference spectra. These rasters are typically about 2@ ] 2@ in size and are constructed from a series of very short (10 s or less) exposures. We have determined line intensities for these data by integrating over the line proÐles. Since the underlying continuum is weak and not adequately resolved in the short exposures, we have not done any background subtraction for these data. From we estimate the Figure 1 average quiet-Sun continuum intensity near Lyb and O VI to be about
The parameters 7 ergs cm~2 s~1 sr~1 A ~1. given in Tables and indicate that the background con-1 3 tinuum contributes about 2% to the total line intensity for Lyb and about 3% to O VI 1032
For the raster obser-A . vations, the telemetered data consists of only 50 pixel windows (2.25
Thus the Lyb proÐles from the rasters do A ). not contain the full^3 that we used to compute the line A intensities from our observations. The Lyb intensities given in would be reduced by a only a small amount Table 3 if we used the smaller wavelength range to compute ([1%) the intensities.
We determined the average intensity, the most probable intensity, and the standard deviation of the lognormal intensity distribution for Ðve Lyb and O VI rasters. The instrumental conÐgurations and intensity parameters derived from the reference spectrum rasters are summarized in The intensities derived from the reference spec- Table 4 . trum rasters are systematically lower than, but generally consistent with, those derived from our observations. The line intensities derived from the 1996 March 30, 1996 April 28, and 1996 May 2 observations are all within about 10% of our values. The intensities from the 1996 June 4 and 1996 August 12 observations, however, are within only about 25% of our values. These larger discrepancies are probably due to the di †erences in the distribution of bright network elements within the regions of interest and not to variations in the radiometric calibration. The full-disk Lyv image analyzed by et al. was taken 1996 August 11 Wilhelm (1998) and yielded intensities within about 10% of our observations.
SUMMARY AND DISCUSSION
We have presented high-resolution observations of the higher H Lyman series lines in the quiet Sun taken with the SUMER spectrometer on SOHO. Our observations show that e †ects of radiative transfer are apparent in the line proÐles of Lyb through Lyj(11). The average quiet-Sun proÐles for Lyb through Lyv are self-reversed, while the remaining lines we observed are Ñat-topped. Using intensity histograms, we have binned spectra into six representative features of the quiet Sun and derived average proÐles and corresponding line intensities for these features. The line intensities of Lyc, Lyd, and Lyv are very close to those presented by & Reeves The characteristics Vernazza (1978) . of the line proÐles vary markedly with intensity. In particular, the di †erence in intensity between the red and blue peaks of the proÐles grows larger with increasing intensity. Our observations also show that the intensities of the H Lyman lines increase at the limb. The limb brightening of the H Lyman lines, however, is weak compared with the optically thin transition region emission lines of O VI and S VI and does not signiÐcantly e †ect the disk-averaged proÐles. Furthermore, all the H Lyman lines are self-reversed at the limb. For Lyb through Lyv, the distance between the red and blue peaks in the proÐle increases over what is observed in the quiet Sun. Our limb observations, however, are too limited to provide more than a qualitative description of the behavior of the H Lyman lines there. Additional observations are needed for a more quantitative assessment.
Since extensive observations of very bright lines degrades the performance of SUMER, we have not made systematic observations of Lya. Lya, however, has been studied extensively at high resolution with previous instruments (see, e. (2) and assuming no limb brightening, the SOLSTICE solar minimum irradiance implies a quiet-Sun intensity of 7.2 ] 104 ergs cm~2 s~1 sr~1. Considering the estimated uncertainties, this intensity agrees with the quietSun measurements of 6.4, 7.0, and 7.1 ] 104 ergs cm~2 s~1 sr~1 given by & Reeves et al. Vernazza (1978) , Fontenla and et al. respectively. Thus, augment-(1988) , Basri (1979) , ing our observations with the quiet-Sun intensity derived from the SOLSTICE observations of 7.2 ] 104 ergs cm~2 s~1 sr~1 and the e †ective width of 1.0 measured by Meier A provides a complete description of the H Lyman lines though Lyj.
These observations should be useful for studying processes that involve the excitation of atomic hydrogen by solar H Lyman line emission. Our results indicate that previous work in this area based on the observations presented by need to be reevaluated. Our observations Meier (1995) should also impact the future development of semiempirical models of the solar chromosphere and lower transition region. While the model of et al. sucFontenla (1993) cessfully reproduces many of the salient characteristics of the Lya proÐles observed by UVSP on SMM, their model proÐles for Lyb bear little resemblance to our observations. The Lyman line proÐles presented in this paper are available in digital format and may be obtained by writing e-mail to the Ðrst author.
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